We employ passive dielectric metasurfaces with near-unity transmission to engineer spatial mode profiles for both mode modulation and multiplexing in optical communications. The broadband response of the metasurface covers S, C, and L telecommunication bands. 
Introduction
Optical communication is rapidly approaching the limits of its current technologies to cope with the fast-growing demand on capacity from the existing and emerging applications and broadband services. As the capacity is proportional to the number of independent communication channels, promising and feasible way to overcome the foreseeable capacity crunch is to look beyond the four physical dimensions used for light modulation and multiplexing, namely: wavelength, time, polarization and quadratures (amplitude and phase). Electromagnetic fields can be discriminated across a fifth dimension: space. Expanding the use of physical degrees of freedom to employ spatial multiplexing of data in optical communication is considered the most disruptive and effective solution to meet the capacity demand of the growing information traffic [1] . A number of technical challenges have to be overcome before space division multiplexing will become a technology of choice. In particular, new solutions for control and manipulation of spatial modes are of high practical interest.
Here, we demonstrate a way towards miniaturization and integration of mode multiplexers and demultiplexers by using highly transparent all-dielectric metasurfaces that became a new paradigm for functional flat optics [2] . We design and fabricate a passive transparent all-dielectric metasurface that engineers spatial mode profiles, potentially of arbitrary complexity. The broadband response of the metasurface covers S, C, and L bands of fiber communications. Unlike conventional phase plates, the metasurface allows for both phase and polarization conversion, providing full flexibility for mode engineering. 
Design of transparent dielectric metasurfaces
We employ the approach suggested earlier in Refs. [3, 4 passive all-dielectric metasurface of sub-micron thickness and high transmission efficiency. We demonstrate a single metasurface that acts as two independent phase masks for two linear orthogonal polarizations of light. In conjunction with polarization modulator the metasurface provides a unique capability of ultra-fast mode modulation, thus enabling to encode information into spatial domain [see Fig 1 (a) ]. We exemplarily demonstrate conversion of a Gaussian LP01 mode into a LP11 or LP21 mode depending on the LP01 polarization state. The metasurface consists of four quadrants of silicon nanopillars with a height of 850 nm. Nanopillars in quadrants A have elliptical crosssection with axes 215 x 140 nm. Quadrant B is composed of identical nanopillars rotated by 90 degrees. Quadrants C and D are made of circular nanopillars with radii 180 nm and 150 nm, respectively. We fabricate the metasurface using electron beam lithography [see Fig. 1 (b) ]. Figure 1(c) shows experimentally observed mode conversion by the metasurface at 1550 nm wavelength. Transmission spectra of the four quadrants are shown in figure 2(a) 
Spatial mode multiplexing with metasurfaces
Next, we demonstrate the ability of our metasurface to simultaneously convert the two incoming orthogonally polarized LP01 signals into two different higher-order LP modes (LP11 and LP21). The performance of the metasurface is compared with that of conventional phase plates [5] , able to convert between pair of modes only (e.g. LP01 to LP11 or LP01 to LP21). The metamaterial mode multiplexer performance was assessed in back-to-back using two conventional phase plates for demodulation in a broadcast and select configuration. Figure 2(b) shows the Q-factor when using a 100 Gbit/s dual-polarization QPSK lab transponder, averaged over 20 repetitions. It shows that the metasurface can convert polarization-multiplexed signals into mode-multiplexed signals with the same performance as it converts single-polarization signals into single higher-order LP modes. Finally, we measure the Qfactor for wavelengths across the whole C-band used for optical communications for an OSNR of 15 dB. Figure 2(c) shows the Q-factor when using a 100 Gbit/s dual-polarization QPSK lab transponder across the C-band. From the figure, it can be seen that the Q-factor fluctuation over the C-band and over 20 repetitions for each wavelength, is typically lower than 0.5 dB. These results show that the metasurface is able to operate over the entire telecoms grid. y 
Conclusions and Outlook
In summary, we have suggested that metadevice multiplexers made of all-dielectric metasurfaces readily allow for engineering mode profiles of arbitrary complexity, including special states and orbital angular momentum modes. The broadband response of the metasurface covers three telecom optical wavelength bands S-, C-, and L-band. We have demonstrated mode multiplexing with an extinction ratio in excess of 20 dB over the whole C-band with negligible penalty even for 100 Gb/s DP-QPSK signals. Our findings pave the way towards mode profiles engineering with highly efficient broadband metasurfaces covering the entire telecoms grid.
